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PRODUCTION AND DISTRIBUTION OF EXPLOSIVES IN THE 
UNITED STATES DURING THE CALENDAR YEAR 1920. 


By Witiiam W. Apams. 
INTRODUCTION. 


The production! of explosives in the United States during the 
calendar year 1920 showed a marked recovery from the slump in 
1919. As reported to the Bureau of Mines by the manufacturers, 
the production (excluding exports) was 537,954,750 pounds, an in- 
crease of 120,320,280 pounds, or about 29 per cent, as compared with 
the preceding year. Of this amount 254,879,825 pounds, or 47 per 
cent, was black blasting powder; 229,112,084 pounds, or 43 per cent, 
was high explosives other than permissible explosives; and 53,962,841 
pounds, or 10 per cent, was permissible explosives. As compared 
with the year 1919, there was an increase of 41 per cent in the pro- 
duction of black powder, 15 per cent in “high” explosives, and 39 
per cent in explosives classified as ‘ permissibles.” 

The quantity of permissible explosives sold in 1920 has never 
before been equaled, and the sales of black powder were, with one 
exception (1917), likewise larger than for any previous year. The 
quantity of “high” explosives sold in 1920, while considerably 
above that for 1919 and 1918, was still below normal. 

The reports show that practically all classes of consumers used 
larger quantities of explosives in 1920 than in 1919. The mining 
industry consumed 75.1 per cent of all explosives in 1920 as com- 
pared with 75.3 per cent in 1919. The principal increase was in coal 
mining, an industry that ordinarily consumes over 80 per cent each 
of all black powder and permissible explosives and about 15 per cent 
of high explosives, or over half of these three classes combined. 


CLASSIFICATION OF EXPLOSIVES. 


The figures tabulated herein are classified as follows: 

1. Black blasting powder.—All black powder with sodium or potas- 
sium nitrate as a constituent is here classified as black blasting 
Powder. 

2. High explosives.—Dynamite and all other high explosives of 
various trade names and compositions, except permissible explosives, 
are put in this class. 


'In this publication the production of explosives means the total sales during the year as reported by 
maaufacturers. 
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3. Permissible explosives.—In this class are included ammonium 
nitrate explosives, hydrated explosives, organic nitrate explosives, 
and certain nitroglycerin explosives containing an excess of free 
water or carbon. All permissible explosives have passed certain 
tests of the Bureau of Mines and are not to be regarded as permissible 
unless used in the manner specified by the bureau.’ 
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SCOPE OF STATISTICS. 


The data for 1920 presented in this publication are based upon the 
reports of sales of explosives by 27 manufacturers. Of these com- 
panies, 20 reported sales of black blasting powder; 20 of high explo- 
sives; and 13 of permissible explosives. Some of the manufacturers 
operated more than one plant, so that the number of companies 
does not indicate the number of operating plants. Several companies 
reported their plants as idle during the year. 

Reports of manufacturers of ammunition and fireworks are not 
included in this publication, because the majority of such companies 
purchase their explosives from the manufacturers whose production 
has been included in the tables herein presented. Nor does this pub- 
lication include the production of nitroglycerin, except in so far as 
nitroglycerin is used in the manufacture of other explosives. 


PRODUCTION AND DISTRIBUTION OF EXPLOSIVES. 


Table 1 shows the quantity of each class of explosives used in each 
State during the calendar years 1919 and 1920. A comparison of the 
figures for the two years discloses the fact that the increase in the 
consumption of explosives in 1920 was not confined to any one section 
or group of States but was well distributed throughout the country. 

1 Hall, Clarence, Snelling, W. O., and Howell, S. P., Investigations of explosives used in coa] mines 
with achapter on the natural gas used at Pittsburgh, by G. A. Burrell,andan introduction by C. E. Munroe: 


Bull. 15, Bureau of Mines, 1912, 197 pp. Hall, Clarence, and Howell, 8. P., Tests of permissible explosives: 
Bull. 66, Bureau of Mines, 1913, 313 pp. 
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TaBLE 1.—Amount of explosives (excluding exports) manufactured in the United States 
and used in the various States during the calendar years 1919 and 1920. 


° 1919 1920 
State. Black High ti Black High ex 4 Permis- 
os es other |Permissibl “7 sives ot sible ex- 
blasting r- lexplosives.} Dlasting | “than = plosives. 


powder. | Tnissibte. 


Kegs. Pounds. Kegs. Pounds. | Pounds. 
BE i cmeniqosesecesesess 7,390 | 5,069,614 140,259 7, 220,796 | 4, 068, 974 
Alaska 5 193 360, 700 4,300 


UMM Isc. sacceccer. 40, 827 3,000 
pshire.............. 503 144, 499 |. 0.2... 02004 503 2247275 |...... aes 
ere 2,179 , 605 9,675 2,582 | 2,481,757 3,275 
| , , © “ ’ ” 
| | = ei eee Re Be 
Oo eee eewceeccecscess 4 it F 8 5 ’ O87 
North Carolina ORE EE | of 882 | 1,479, 451 2, 250 17,168 | 1,929, 758 8,750 
MS cngscnceieiecretace 385,331 | 5,447) 754 124, 784 719; 549 | 6,608,435 | 237,737 
Oklahoma..................... | 104, 391 eg 914, 856 10s, 697 vee ee 
Sa debéapsncpascsseisasd 45 421, ‘ , 343, ; 
Pennsylvania................. | 1,821,721 | 33,386, 218 | 18, 760,337 1,928,141 | 39,090, 227 |23, 562,772 
Rhode Island | "97, 125 990)” 88,800 |....... 
South Carolina. -2 222222222222.) 704 OSGI oa 100" 225] 434,212) °° 500 
South Dakota.................| 2,760 974, 004). sasessceue 553 958, 025 10, 500 
Tennessee... .. had ow oswadusces 117,095 | 2,807, 299 2,858,252 | 506,370 
MMA Tiabs anes accelacesccsess 50,976 | 1,355, 414 1,919,840 | 230, 963 
Yeah. Bpsniesiseesesenenesenee 24, 538 3, 572, 638 3, 183, 400 3, 275, 430 
ermon’ "14 181, St | eae 
89,035 | 2,319, 029 2,944,654} 819, 500 
28,131 | 5,461, 938 7,987,650 | 879, 150 
514,969 | 3,454, 319 5, 331, 843 | 9, 402, 645 
3,007 | 6,077, 271 6, 558, 825 2,100 
100, 297 404, 125 602,250 | 533, 050 
Total. ..................| @7,220, 442 |198, 268, 588 | 38, 854,832 | 10, 195, 193 |229, 112, 084 |53, 962, 841 
180, 511,050 |............ [rrsseseeeees 254, 879, 825 |....... weiieleakie dave: 
— —— Bs 
Grand total (pounds). . 417, 634, 470 
@ Kegs of 25 pounds each. > Pounds. 


BLACK BLASTING POWDER. 


A larger quantity of black blasting powder was used during 1920 
than in any previous year for which figures are available, except the 
year 1917. The total sales were 10,195,193 kegs (254,879,825 pounds), 
an increase of 2,974,751 kegs, or 41 per cent, over 1919, but 889,548 
kegs below the amount sold in 1917. 
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Of the total production in 1920, 8,790,505 kegs (86.2 per cent) 
was used at coal mines; 347,223 kegs (3.4 per cent) at other mines; 
196,172 kegs (1.9 per cent) for railway and other construction work; 
and 861,293 kegs (8.5 per cent) for miscellaneous purposes. ~ 

As compared with 1919, the amount of black powder used for coal 
mining showed an increase of approximately 2,600,000 kegs, or about 
43 per cent. The consumption at coal mines was, in fact, with one 
exception (1917), larger than for any preceding year. Other mining 
showed an increase of 95,089 kegs (38 per cent) as compared with 
1919, and the consumption was, as at coal mines, larger than that for 
any other year except 1917. A low level was reached in the amount 
of black powder used for railway and other construction work, the 
consumption being 196,172 kegs, or 8,025 kegs below the figure for 
1919, and less than one-third as much as the sales reported for 1913. 
A high mark was reached in the amount of black powder used for 
miscellaneous purposes, the total sales reported being 861,293 kegs, 
an increase of 236,787 kegs, or 38 per cent, more than in 1919. 
(Tables 2, 11, and 12.) 


HIGH EXPLOSIVES. 


The total quantity of high explosives (other than permissibles) 
used for all purposes in 1920 was 229,112,084 pounds, an increase of 
more than 30,000,000 pounds, or about 15 per cent, over the previ- 
ous year. The production was also considerably above that for 1918 
and 1914, but was much below that for other years. Of the entire 
production in 1920, 37,273,255 pounds, or 16.3 per cent, was used 
at coal mines, while other kinds of mining consumed 89,132,316 
pounds, or 38.9 per cent of the total. Railway and other construc- 
tion work used 15,052,608 pounds, representing 6.6 per cent of 
the entire production, and miscellaneous purposes consumed over 
87,000,000 pounds, or 38.2 per cent. 

As compared with 1919, there was an increase of 7,656,872 pounds 
of high explosives used at coal mines, a decrease of 622,472 pounds 
for other mining, an increase of 2,292,985 pounds for railway and 
other construction work, and an increase of 21,516,111 pounds for 
miscellaneous purposes. 

The consumption of high explosives at coal mines in 1920 exceeded 
that for any previous year. Miscellaneous purposes used a larger 
quantity than for any year since 1913. The amount used at mines 
other than coal mines was practically the same as in 1919 and 1912, 
but much below the four years 1915 to 1918, inclusive. Railroad and 
other construction work used a larger quantity of high explosives in 
1920 than in either 1919 or 1918, but less than in 1917 and years 
prior thereto. (Tables 3, 11, and 12.) 
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PERMISSIBLE EXPLOSIVES. 


Sales of permissible explosives in 1920 reached a record-breaking 
figure. The quantity reported was 53,962,841 pounds, an increase of 
more than 15,000,000 pounds, or 39 per cent, as compared with 1919, 
and nearly double the sales reported for 1915. 

Of the total sales of permissibles in 1920, the mining industry con- 
sumed 90.7 per cent, as compared with 90.9 per cent in 1919. Coal | 
mining consumed 45,222,130 pounds (83.8 per cent) while other mining 
used 3,750,585 pounds (6.9 per cent). Railroad and other construc- 
tion work used only 266,505 pounds, or one-half of 1 per cent. Miscel- 
laneous purposes used 4,723,621 pounds, or 8.8 per cent of the total. 

The quantity of permissibles used in coal mining was more than 
double the quantity used in any year prior to 1916. The increase 
over 1919 was more than 12,000,000 pounds, or 38 per cent. Other 
mining showed an increase of 1,252,453 pounds, or about 50 per cent, 
as compared with 1919, but the amount used was still much less than 
for earlier years. The quantity of permissibles used for railway and 
other construction work has always been relatively insignificant, but 
the sales reported for 1920 (266,505 pounds) were 83,152 pounds 
above those for 1919 and, at the same time, larger than for any other 
year since 1914. The increase in consumption of permissibles for all 
other purposes was 1,390,470, as compared with 1919. The total 
quantity so used (4,723,621 pounds) was also larger than for any 
previous year. (Tables 4, 11, and 12.) 
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TABLE 3.—Amount of high explosives used in the United States during 1919 and 1920, classified by use. 
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EXPLOSIVES IN COAL MINING. 


The mining industry is by far the largest consumer of explosives in 
the United States. The quantity thus used is generally about 75 
per cent of the total production of all classes of explosives. 

Coal mining normally ‘consumes between 80 and 85 per cent of all 
black powder and permissible explosives used in this country, and 
between 8 and 16 per cent of other high explosives. Other mining 
and quarrying operations (excluding coal mines and oil and gas wells) 
consume from 40 to 50 per cent of all high explosives other than per- 
missibles, 6 to 17 per cent of permissible explosives, and 3 to 4 per cent 
of black powder. It will thus be seen that most of the explosives used 
in mining operations are used at coal mines. (Tables 11 and 12.) 

It is interesting to note the relative increase or decrease in the 
consumption of each of these three classes of explosives at coal mines 
in connection with the production of any given quantity of coal. 
Comparative figures since 1912 are given in Table 5. They show a 
most gratifying increase in the use of permissibles. It may be noted 
that for every thousand tons of coal produced the relative amount 
of permissibles used, as compared with other explosives, has more 
than doubled since 1912; black powder has remained practically 
stationary or slightly decreased, while high explosives have ‘in- 
creased about 50 per cent. 

Tables 5, 6 and 7 show, for the different coal fields and regions, the 
annual production of coal and the corresponding quantities of each 
class of explosives sold for use in coal-mining operations. It will be 
noted that in 1902 only 11,300 pounds of short-flame or “safety” 
explosives were used in coal mining, whereas in 1920 the quantity of 
permissible explosives so used was 45,222,130 pounds. In a parallel 
column is also shown the annual production of coal in the United 
States. 

The quantity of permissible explosives used in the United States 
is larger than that of the corresponding explosives used in a number 
of foreign countries. In 1912 it represented about 5 per cent of the 
total quantity of explosives produced in this country, and in 1920 
it was 10.03 per cent. The total amount of explosives used for the 
Production of coal in 1920 was 302,258,010 pounds, of which 15 
per cent was of the permissible class. (Tables 4, 5, 6, 7, 11, and 12.) 
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TABLE 5.— Yearly sales of explosives to coal mines compared with yearly production of coal. 


Pounds of explosives sold to coal Pounds of explosives used per 1,000 tons 
of coal mined. 


mines. 
Production 
Year. of coal ; 
(short tons).| Permissible, Highex- | Black J Fermis- 
explosives.| plosives. powder plosives. 

293, 209, 816 |........--..)----26 

3U1, 590, 434 11, 300 

357, 356, 416 3, 661 

351, 816, 398 608, 270 

392, 722, 635 | 1,031, 300 

414, 157, 278 1, 533, 575 

480, 363,424 | 2,095, 244 |. 

415, 542, 698 | 2, 10s, 610 |. 

460, 814,616 | 8, 942) 857 

501, 596, 378 | 11,8 

496, 371, 126 | 13,4 


534, 466, 580 | 
570, O48, 125 | 
513, 525, 477 | 
531, 619, 487 
500, O98, 175 
651, 402, 374 
78, 211, 9O4 
546, 155, 000 | 
| > 645, 663, 000 | 
| 


18, 150, 618 
21, SO4, 285 
19, 593, SU2 
21, 841, 659 


37, 262, 915 
32, $40, 196 
45, 222, 130 


24, 143, 133 
24, 215, 945, 
22, 384, 025 
20, 901, 405, 
28, 262, 807 
31, 368, 073 
29, 616, 383 
37, 273, 255 


187, 091, 000 
184, 917, 075 
176, $12) 650 
167, 513, 950 
176, 976, 025 
235, 750, 300 
216, 221, 550 
153, 490, 125 
219, 762, 625 


The figures show the relation which the consumption of each class of explosives bears to the total 
quantity of explosives used in the production of coal. 


>xcept in the last column they do not indicate the 


quantity of coal broken down by any given quantity of explosives. 


> Estimated, 
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MINE FATALITIES DUE TO EXPLOSIVES. 


Accidents in the mining industry due to the use of explosives during 
the past nine years have caused from 4 to 9 per cent of all fatalities 
at coal mines, 9 to 14 per cent at metal mines, and 13 to 26 per cent 
at quarries. Considered in relation to the number of men employed, 
there has been a general decline in the number of such fatalities, 
although the rate has fluctuated from year to year, as shown by 
Table 8. Fatalities at coal mines since 1911 are shown in Table 9. 
The figures presented in the table show that from 37 to 61 per cent 
of the fatalities occurred at the anthracite mines in Pennsylvania. 
In 1919 the figure for anthracite mines was abnormally high (149, 
or 72 per cent) due to a powder explosion in Baltimore Tunnel No. 
2, at Wilkes-Barre, on June 5, which caused the death of 92 men. 

Table 10 shows the causes of fatalities due to explosives in the 
mining industry in 1919. Exclusive of the powder explosion at the 
Baltimore Tunnel, 46 per cent of the accidents were caused by pre- 
mature shots. 


TasLe 8.—Fatalities due to erplosives at mines and quarries, and fatality rates per 1,000 
men employed (300-day workers), 


Bituminous coal 
munes, 


Anthracite and 
bituminous mines. 


Metal mines. Quarries. 


Per - = 
cane. Rate. [Killed. 


| 
Killed. 


Per 
cent. 


Per 
cent. 


i 
Rate. [Killed.| P&T | Rate. [kitled. 


lestsed ae] sof as 


10, 26 
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TaBLe 9.—Coal-mine fatalities underground due to explosives, 1911-1920. 


States. 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | 1920 
Pennsylvania (anthracite)... .......0...5 88 77 75 90 79 86 55 50 |a149 49 
Saar’ Ske oh (bituminous) 6 8 4 7 9 10 6 6 17 22 
West Virginia. ovc.cscscsccctecsssy 3 8 8 5 6 3 6 Wu 6 12 
Illinois 15 11 ll 9 ll 6 9 12 2 9 
ONO. cca. oSccce'scacsciosessaeeecses 3 5 6 2 3 5 4 8 10 9 
Indiana, Michigan, and Kentucky... ..- 15 3 5 12 12 10 l4 20 lL 9 
Alabama, Tennessee, Georgia, and North 
Carolina at 6 6 2 2 10 3 3 5 3 6 
owa, Kansas, and Missouri..... 4 14 6 4 13 9 2 7 2 3 
Colorado, New Mexico, and Utah 3 1 7 Cl Berean 4 3 3 1 4 
Maryland and Virginia............-..--.J....-- 10 re ee 4 3 2 5 Dh esas 
Montana, North Dakota, and Wy 4 2 4 4 3 2 2 1 2 1 
Arkansas, Oklahoma, and Texas........ ll 1 5 4 5 1 4 Bl ssiees 
Alaska, California, Idaho, Nevada, Ore- 
gon, and Washington. ................ 2 1 3 1 eae A reeeeaey Pre ea et eee 
Total, underground............. 160 | 147) 138 | 146 | 155 | 146) 110 | 135 | 206 127 
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TaBLeE 10.—Fatal accidents due to explosives in the mineral industry, 1919. 
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| Transportation. 


Quarries es scccas sai sad dace t Bidens aes haere 
Coal mines (underground)... 
Metal mines (underground).. 
Metal mines (open pit) 


Re | Drilling into old holes. 


Oo: S|] wa . a 
Lg 213) 2/FE!. Bal . 
38 § oiel2 les ¢ isa g 
es) 8 Zizile 3 a 
we| 2 3 z 3 3 3 [25| 8 
Sele ie S$/E/s3 ¥ 52/3 a 
4 fa|é 3/5 3 \s \3 
° 4 eis ° 
% \e|/8|/5les& Alg |s\é 
2|....) 3] 8 
3| 3] 5| 56 
Ralecthts 2 Bilate 
re ee 5 3) | 


a From selected returns only. Details as to subdivisions not available for all metal mines. See Table 9. 


TaBLE 11.—Percentage of explosives used for various purposes in the United States during 
the years 1915 to 1920. 


1920. 
Black blasting powder..................5- 
High explosives rt 
Permissible explosives. 


1919. 
Black blasting powder. 
High explosives 
Permissible explosives. 


, 1918. 
Black blasting powder...............--+++- 
High explosives....... 
Permissible explosives. 


1917, 
Black blasting powder..................-.- 
High pepe 
Permiss! 


1916. 
Black blasting powder... 
High explo 
Permissible explosives. . 


1915. 
Black blasting powder 
High explosives 
Permissible explosives 
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F1G. 3. Production of coal and consumption of explosives at coal mines, by geographic areas, 1917-1920 
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AMMONIUM NITRATE IN PERMISSIBLE EXPLOSIVES. 


At the close of the calendar year 1920 the bureau received special 
reports from all manufacturers of permissible explosives showing the 
quantity of each brand of permissible sold during the year. A 
study of these reports by S. P. Howell, explosives engineer of the 
Bureau of Mines, shows that 90 per cent of all permissible explosives 
sold during 1920 belonged to the ammonium nitrate class (Class 1—A). 
The total quantity of commercial ammonium nitrate used in 
permissible explosives during 1920 aggregated 31,831,000 pounds. 


MONTHLY SALES OF EXPLOSIVES. 


Table 13 shows the monthly fluctuations in the sales of explosives 
during the past year; it is based on monthly reports by manufac- 
turers who are members of the Institute of Makers of Explosives. 
Most of the manufacturing companies are members of the institute, 
and their sales during 1920 represented more than 90 per cent of all 
sales of black blasting powder, 92 per cent of high explosives (other 
than permissibles), and over 99 per cent of permissible explosives. 
Reports from nonmembers are received by the bureau in the form 
of an annual summary, hence it was not possible to segregate on a 
monthly basis the data for those companies. 

The standard chosen for purposes of comparison was the average 
monthly sales during the year, and this quantity was rated at 100. 
The sales for each month were then calculated as a certain percentage 
of this standard. 

An examination of the table will show that April was the month 
of lowest sales of black powder and permissible explosives, as it was 
also the month of smallest production of bituminous coal, in which 
branch of mining these two classes of explosives are so largely used. 
Sales of permissibles and black powder were, however, reasonably 
steady throughout the year. Sales of ‘“high’’ explosives in January 
were considerably below the average for the year, but in February 
a substantial increase occurred and continued with a fair degree of 
steadiness until the close of September, after which there was a rapid 
decline to the close of the year, the lowest quantity sold being recorded 
for December. 

Sales reached their highest mark in June in the case of black 
powder, and in September for permissible explosives, whereas the 
bituminous coal industry showed the largest production of coal in 
October. 


Google vers oe eee 
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TaBLE 13.— Monthly fluctuations in sales of explosives and in production of coal, 1920, 


[Average monthly quantities =100 per cent.] 


Black biast| “High’’ | Permissible} Bitumi- 

Month. ing eats explosives. | explosives. | nous coal. Anthracite. Total coal. 
a = — — = = 
January 109.1 87.9 99.9 105.0 102, 2 104.6 
Februar 99. 4 103. 1 87.1 S6.5 87.9 86.7 
March... 107.6 | 126.7 OS. 4 100. 9 105, 8 101.6 
April. 74.6 107.0 82.3 81.8 83.8 82.1 
May. 95,2 | 108. 8 94.7 | $5.7 107. 2 88.7 
June.. 114.7 | 107.5 9. 8 4.4 110. 0 96, 5 
SUVs so ectces tae ncs 109. 2 93.7 103. 5 98. 2 111.3 100, 0 
AUPUStise ss sennsctaces 108. 8 | 120.6 113.3 104.3 108, 1 104.8 
September . 92.6 | 105, 1 116. 6 106.1 a 62.6 100. 1 
October... 108. 4 94.5 113.1 113.5 108. 7 112.5 
November... Psvbs at 91.3 74.4 94.3 110.0 100. 4 108.7 
December.................-..- 89.1 | 70.7 96. 2 | 113.7 112.1 113.5 


« A strike in the anthracite field restricted output. 


EXPORTS OF EXPLOSIVES, 1913-1920. 


Table 14 shows the amount and value of explosives exported 
from the United States during the years 1913 to 1920, inclusive. 
The tabulations of exports unfortunately do not segregate such 
explosives as picric acid, nitroglycerin, trinitrotoluene, and others. 
These are grouped in the column headed “ All other.” 

Table 15 shows the amount and value of explosives exported from 
the United States during 1920 and the countries to which the ship- 
ments were made. The largest shipments of the year were those 
of loaded shells and projectiles to Russia in Europe during January 
and of gunpowder to France during October. 
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PERMISSIBLE EXPLOSIVES TESTED PRIOR TO JUNE 1, 1921. 
By Seencer P. Howe... 
GENERAL STATEMENT. 


In the table following are the brand names of all explosives now 
considered as permissible explosives that were tested by the Bureau 
of Mines prior to June 1, 1921. 

Further information on permissible explosives may be found in 
other Bureau of Mines publications.!. The precautions to be observed 
in the handling, storage, and use of permissible explosives are found 
in Miner’s Circular 6. The conditions to be fulfilled by applicants 
desiring explosives tested to determine their permissibility for use 
in coal mines are stated in Schedule 1-A. A description of the tests 
made, the apparatus used for such tests, and detailed results of tests 
of 100 permissible explosives are given in Bulletins 15 and 66. The 
storage, handling, and use of permissible explosives are discussed in 
Bulletins 10 and 17 and Miner’s Circular 7, and the methods used 
by the bureau in the analysis of permissible explosives and the tol- 
erances for permissible explosives as promulgated by the Bureau of 
Mines on July 1, 1915, are detailed in Bulletin 96, and on November 
15, 1920, and February 26, 1921, and effective from those dates the 
Director of the Bureau of Mines promulgated certain changes in the 
rules and regulations governing the testing of permissible explosives, 
as recommended by the bureau’s committee on permissible explosives. 
The tolerances as now existing are given on pages 39, 40, and 41. 
These rules also provide for the transferring of permissible explosives 
from the active (published) list to the inactive (not published) list. 
Explosives will be placed on the inactive list at the request of the 
manufacturer or if they have not been manufactured during any 
calendar year. 

Additions to the active and inactive list of permissible explosives 
will be published in future issues of the Monthly Statement of Coal- 
Mine Fatalities in the United States, which contains also lists of 
miners’ electric lamps and other devices approved by the Bureau of 
Mines. A complete list of permissible explosives with pertinent data 
and full descriptive text will be published as an appendix to the same 
publication at reasonable intervals of from 6 to 12 months. 


1 Hall, Clarence, Permissible explosives tested prior to Jan. 1, 1912, and precautions to be taken in their 
use: Miner’s Circular 6, Bureau of Mines, 1912, 20 pp.: Fees for testing explosives: Schedule 1-A, Bureau of 
Mines, 1920; Hall, Clarence, Snelling, W. O., and Howell, 8. P., Investigations of explosives used in-coal 
mines: Bull. 15, Bureau of Mines, 1911, 191 pp.; Hall, Clarence, and Howell, 8. P., Tests of permissible 
explosives: Bull. 66, Bureau of Mines, 1913, 313 pp.; Munroe, C. E., and Hall, Clarence, A primer on explo 
sives for coal miners: Bull. 17, Bureau of Mines, 1911, 61 pp.; Rutledge, J. J., and Hall, Clarence, The use 
ofpermissible explosives: Bull. 10, Bureau of Mines, 1912, 34 pp.; Storm, C. G., The analysis o1permissible 
explosives: Bull. 96, Bureau of Mines, 1916, 88 pp.; Rutledge, J. J., The use and misuse of explosives in 
coal mining: Miner's Circular 7, Bureau of Mines, 1913, 52 pp.; Howell, 8. P., and Tiffany, J. E., Methods 
for routine work in the explosives physical laboratory of the Bureau of Mines: Tech. Paper 186, Bureau of 
Mines, 1918, 63 pp. 
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There were 148 explosives on the permissible list on January 31, 
1921.! During the succeeding 4 months 6 explosives were added 
to the list. The present list takes the place of all preceding lists and 
includes a total of 154 explosives. 


DEFINITION OF A PERMISSIBLE EXPLOSIVE. 


A permissible explosive is an explosive which is similar in all 
respects to the sample which has passed certain tests prescribed by 
the Bureau of Mines to determine its safety for use in gaseous and 
dusty coal mines, when used in accordance with the conditions pre- 
scribed by the Bureau. 

While permissible explosives are designed especially for use in 
gaseous and dusty coal mines, they are suitable for use in other coal 
mines and for many other blasting operations. 


PRESCRIBED CONDITIONS FOR USE OF PERMISSIBLE EXPLOSIVES. 


1. That the explosive is in all respects similar to the sample sub- 
mitted by the manufacturer for test. 

2. That detonators—preferably electric datonaters-sare used of 
not less efficiency than those prescribed, namely, those consisting by 
weight of 90 parts of mercury fulminate and 10 parts of potassium 
chlorate (or their equivalents). 

3. That the explosive, if frozen, shall be thoroughly thawed in a 
safe and suitable manner before use. 

4. That the quantity used for a shot does not exceed 14 pounds 
(680 grams), and that it is properly tamped with clay or other non- 
combustible stemming. 

After an explosive has passed the required tests and its brand 
name has been published in a list of permissible explosives, it is not a 
permissible explosive if one or more of any of the following condi- 
tions prevail: 

1. If kept in a moist place until it undergoes a change in character. 

2. If used in a frozen or partly frozen condition. 

3. If used in excess of 14 pounds (680 grams) per shot. 

4. If the diameter of the cartridge is less than that designated in 
the column ‘‘smallest permissible diameter.’ 

5. If fired with a detonator or electric detonator of less efficiency 
than that prescribed. 

6. If fired without stemming. 

7. If fired’ with combustible stemming. 

8. If fired in the presence of a dangerous percentage of firedamp. 


1 W. W. Adams, Coal-mine fatalities in the United States, 1920; Tech. Paper 288, Bureau of Mines, 1921, 
112 pp. . 
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Moreover, even when all of the prescribed conditions have been 
met, no explosive on the permissible list should necessarily be con- 
sidered as being permanently a permissible explosive, for the bureau 
reserves the right, on fuller information concerning the conditions 
that lead to safety, to revise this list; but any permissible explosive 
when used under the prescribed conditions may properly continue to 
be considered a permissible explosive until notice of its withdrawal 
or removal from the list has been officially published, or until its 
name is omitted from a later list published by the Bureau of Mines. 

After further experiments and conferences the Bureau of Mines 
may find it advisable to adopt additional and more severe tests to 
which all permissible explosives may be subjected, in the hope that 
through the use of such explosives only as pass the more severe tests 
the lives of miners may be better safeguarded. 


LIST OF PERMISSIBLE EXPLOSIVES. 


Subject to the conditions and provisions stated herein, the follow- 
ing explosives are classed as permissible explosives: 


Google 


31 


PRODUCTION OF EXPLOSIVES IN THE UNITED STATES. 


“od 
‘od 


‘od 
“OMR'sIMOT "19 “09 SuEMOWNTER opsao SOUTIT 


“od 
“od 
“KON ‘M004 MON ‘(‘ouT) “0D soaysoidxg uy gr 
Od 
oa 


pue “oD JupMpOuMUBA Japmog 91qVz 10! a 
C 


od 
*K'N ‘MU0X MON “(‘oU]) ‘0D seaysordxg BIg 


$26 % 09 ‘6 
ses ‘T 00 ‘9 
Zor ‘s Oo ‘I 
a's 009 ‘ZI 
¥e3 ‘% oo “6 
es % oct '6 
863% Org ‘2 
106 ‘¢ 008 ZI 
060 ‘¢ 000 ‘OT 
sz ‘% OS 'L 
oe “g oss ‘OT 
60 ‘Z sz ‘2 
1‘ 096 ‘OT 
Dard 06F ‘2 
999 ‘Z OIL 
ont 'e oe ‘TT 
see ‘e 096 ‘OT 
sor ‘s ose ‘Or 
190% 09. ‘9 
sez ‘Z 086 ‘8 
zz ‘% 09% tL 
600‘ 028 ‘6 
soe ‘e 002 ‘TT 
oes ‘% 082 ‘6 
ser‘? o10 ‘2 
116 '% 09 '6 
800 ‘¢ OLS ‘6 
Lr ‘2 Oss ‘L 
sis ‘e 029 ‘ZI 
r *puooe 


$ 


se;emesp qouy-F1 


“apie yours Aq FT o 
“dT ‘9 ON puoureiq your 


ARdoddddds 


S<ccedadsadacddcma 


“puwig 


“1261 ‘1 vung 07 sorsd papery sanisopdxa 9qQis8ruLia 


2 16006-pdgasn ssaz.e/buo*ysnaytTyyey'MMM//:dj34y / pdaZzTiT 
TOSELSTLIZILOE Bntn/Zz@z/jou' a ypuey"ypy//:sdiay / IW 6L: 


Original from 
UNIVERSITY OF ILLINOIS AT 
URBANA-CHAMPAIGN 


Digitized by Google 


6Htp-916005 ‘utewog 2T1qGNd 


Ef 62-60-P7ZOZ UO pazyesausg 


PRODUCTION OF EXPLOSIVES IN THE UNITED STATES. 


32 


“od 
*A'N ‘4204 ON {(ouy) 09 saajsoidxg wuagr 


“TAIPO “GuerH “(-WOD) “op Jepasod yuvID 
oy} pus “pd At “OD doped sey 


‘uojZUPWIPM “OD 7 SIMOUIN ep JUod Np “I “7 
“OIYO “PUBpEAg|y “OD JopAOd T]esswsH 
OW ‘SNOT "79 "0D SuJNjoUNUC A JepsOd STOUT 


ove ‘es 016 ‘ 
org 082 ‘TL 
116 '% oon 
veo ‘e 069 ‘TT 
veo % 082 8 
198 '% OLE 6 
ze ‘Z = 
118 ‘2 ved 
Us % O&t ‘8 
iad 086 ‘2 
ae oog ‘or. 
969 ‘e Oar f 
918 ‘% OF ‘6 
wre | ta 
wet | one’s 
T 
089 ‘¢ 020 ‘ZI 
one 061 ‘ZI 
Ly‘ 068 ‘TT 
ee | Geil 
$82‘ 06 ‘2 
760 ‘E OFT ‘OL 
999 ‘Z OIL‘s 
OLF ‘g ose ‘IT 
see‘ 0s6 ‘oT 
ies | ea 
5 ae “puooas 


“JOINOV|NUBY 


*se3p]}Iv0 
19,9MIBIP qouy-f] 
UT WOPVUOJEP jo oRVY 


BRREASR 


c= 
BS 


RRARR 


81Z 


RR SSSR & 


Bol 
= 
Nn 


“suLDI) 


sesenmnanen aa ine cols Tec tenon 
BSQReSsseses 


riers te nerperpermetn 
ERSs 
nee 


See se 


“sayouy | ‘suns 


li 


i 
cc 


id! 


He 
ett le et. 
sinichiatd 
33 


ROAR 
82823888 


§ 2888888 


2<q 
g: 


wale wwe e wens leew eeeenry [eee wee cece ncn cccnwccerene “ON o77U0qQIED 
a4 en ee ee es V-I ON JopMod Oulu UolsuIBD 


wanes cdanccsssesene LON puoweyg you 


“WWW |.o3pp7 4189 | JO "8104 


1p ore 
arapsrar | 041 Jo 
asojreung | HATA 


te | jou 


~eu0j}op 


*ponunuo)—sZ6r ‘7 aun 07 401d pajsaz saarsojdxa aqussvuiag 


Original from 
UNIVERSITY OF ILLINOIS AT 
URBANA-CHAMPAIGN 


Digitized by Google 


gd 9T1q4Nd 
2J9Ua5 


33 


PRODUCTION OF EXPLOSIVES IN THE UNITED STATES. 


oa 
od 
“Pa ‘aoWuyUTT MM “OD  sINOMION op yu0g ae “a 


“oq ‘uoysayuaT WA “OD spaces mea 
OC 


“OIYO “PUBPAdy “OD Jopmog ayers 


‘od 
“ed ‘YdINGSI Id “OD 110 Y 1opMod wae a?) 


"OTNO ‘PuBTasst. “09 Jopaod yTossesE) 


“od 
“IML ‘odwoTYD “OD Soatsojdx gq [ws9UID 
‘od 
‘od 
‘od 
“IT ‘od¥oryD “0 seatsojdx gq jesouar) 
‘od 
“A 'N ‘420K MON “(OUT) 09 maprrire: on 
od 
“OC, “WIS uTUTT] Ay “OD Y SINOWION op 1U0d Np “T “| 
“vd ‘YdINGSNd “ODO PY epsod WQVOW “UD 


' 


PARRATSSSSESTZART SB 
Sede aiialedsiaiei ais aialeres 


3 


SERSSSESRRSRIES 
ANN 


R 


284 


R5S 
” 


BUSSESSRESSTE 
celeietcbedebedebebed hee ged bcd of 


85325 


ZREZSEEE 
SHSISHSSSHS. 


8 
rt 


a 
2 
Nn 


RRARR 


ARZRANRZ 


aa 


ARARRERRIKRS RUSRARSEARS NSA 


RARAZS 


oy 


fe henkamhenbenhenkenhen ken ken Ken kan kan! 


(kenken kanes! 


N 91qISstuLieg 4uog NC 


Original from 


UNIVERSITY OF ILLINOIS AT 
URBANA-CHAMPAIGN 


Digitized by Google 


PRODUCTION OF EXPLOSIVES IN THE UNITED STATES. 


34 


wag “URNS “OD NO P Jepsod COQ VON “YD 
‘od 
“od 


“eq ‘UMOURITY “OD WpMog uefol], ——, 
0d 


‘0d 
Toc Hore 05 soho newt 
“AN ‘uoysdury “09 Jepsog OnIN 

‘od 


‘od 


“eC ‘ToyTuyMTT. MA "09 7 SINOUIAN op og NP "I-A 


HESSESRERASSZRSSRARSSSSSESER 
ee 


3 
a 


ail pee 


1s 
S192 


“JIN OUNUV]T 


Ul UONwUOJap JO Oey 


~ 


seseaeresss 


Ségeige 


g ERSERSECCESRSSRSESE=S 


re 


*puoo2e 
dad a2 


“sadplyivo 


JoyaWMIVIp Your} 


60g t 
16% 
B54 1 
Ove 
oz 1 
oo T 
raid 1 
ied 1 
card 1 
bax T 
ole 1 
oe 1 
on T 
98% 
01% 
bard 
SIZ 
19% T 
bird 
eve 
68% 
91Z uf 
862. T 
£0¢ 1 
Mz 
81% 
L9z 7 
mf 
“BULLI “sayouy 
L 9 ¢ 7 £ z 
ect 
‘auarouye} . 
querp sesed 
roan pg Pt -aagut |snouostod 
adivyo ka aspraeo | JY Hl oyste} jo 
aan ‘Pp yours YP | -pereyy | ouNTOA 
-sayap | Oats &q 4130 yinry 
3D | gsorreuig | MPP — 
Wit pasn “stseq 
UTA | uopeUdsisap sse[) 


‘ponuyywoy—s26r ‘f sung of 10rd pajsa} saarsopdza apqissimvag 


316006 


TOSET8STITCT 


peeeadsaasavedsnnitaahshnal VV 
yoseens 1 ‘ON sepaod peoo 
“** 1K Jopmod je0o Ee 
***e-W Jopmod [809 nz 
“-K Jopaod [v09 50 
*T-WW Jopsod [v00 Sa 
‘] 22psod [woo 25a 
f sapamod [v0o _ 
1 Jopmod [v00 -uct 
rice “WU ON H Pow 206 
“I ON A Pew 2re< 
“LON H Pew of2 
“9 ON H pew ye 
“¢°ON H pow to 2 
“FON H Pew 25 
“¢ ON H pew 2 
“Z'ON H Pew > 
“TON H pew 
Z ON OUIBY-MO] OJIN: 
LON OUIBY-s0] OLIN 
ineaeene LON Joqouoy, 
ebewsessen 9 ‘ON [eqouoy 
“¢ ‘ON PeqouoR, 
noaatiohaisnaaresens FON [eqouoy 
seasessavesecesesse € ON joqouoyy 
1 
“Powid aS) 
oO 
~ 
~ 
G 
a 
//:dy1y / paztiThtTp-a,6oo9 ‘utewog IT1qGNg 
sdiizy / IW 61:€Z 6Z- z 


85 


PRODUCTION OF EXPLOSIVES IN THE UNITED STATES, 


“eSplUWO JOVVUIWIP TOUTE UP apRUT VONRTOIp fo a1"y p “espulied Jaj9UIEIp Yous ¢ 
‘eS PU Uo Jeet wp Youre] o ‘ea ples youty Aq fT o 
| | 

“oT ont ‘L cr ' cor sceekeeebcoes seeseetees-g con oltpdy 
“OT I ZY1 sortereees 8 ON aIpdy 
. Od i! S91 sé “Z°ON OUIpPUX 
“Pq ‘uOWuyUT W “OD spMog So[Now]] I Hz - serreee TON olIpPdy 
re | 1 C602) ) Pte soptes Seeopes |e ss sgy eseeete sP "2 -ON JOpPMOY [BO,) UBIINA 

“YstW 
‘Naway “Oj sopmog ByASeTV Y punog josNg I qsta “TON JopMOg [80.) NBII A 
OT 991 9 ON BOs A 
“OCT Sv SON OIODTA 

ie) ‘query ‘(10,)) 0.) dap MO WET) 
oy) pus “jd ‘uo muna y “oO dapaog suyy 1 Hz “TON Ou10314, 
“OT if INI “***T ‘ON uotu/) 
“OL iH 691 a 
‘od 1 zl “aT ‘gq uowg 
BAT AA SuNGsyAIV]D “OD searsojdx gy uojuy 1 yl ACT ‘y vow 
“Od 1 92t “aT BON otouNy, 
are | 1 Sol "SON vitouuny 
od tl ZL1 sseeeasen josteseessteeoetederssesteog ony. oyouUNy, 


> 


= 


Tor 


Original 


UNIVERSITY OF ILLINOI 
URBANA-CHAMPAIGN 


««~ Google 


Digiti 


36 PRODUCTION OF EXPLOSIVES IN THE UNITED STATES. 


CLASSES OF PERMISSIBLE EXPLOSIVES. 


In order that the user of explosives may be able the better to select 
an explosive to meet a specific requirement the Bureau of Mines now 
classifies permissible explosives in two ways, as follows: (1) On the 
basis of the volume of poisonous gases produced by 14 pounds (680 
grams) of the explosive, and (2) on the basis of the characteristic 
ingredient of each explosive. 


VOLUME OF POISONOUS GASES. 


Most of the permissible explosives even when properly and com- 
pletely detonated in a drill hole in a coal mine produce poisonous 
gases, but they produce at the same time a much larger volume of 
nonpoisonous gases. In order that the poisonous gases may not 
under normal conditions become a menace to the lives or health of 
miners no explosive is now or can become permissible if it evolves 
upon detonation more than 158 liters (54 cubic feet) of permanent 
poisonous gases, as determined by test in the Bichel pressure gage. 
Field tests of an explosive made under extreme conditions for the 
production of the greatest percentage of poisonous gases in the air 
show that in a narrow entry, with no ventilation at or near the face, 
a 14-pound charge of an explosive, which gave 158 liters of poisonous 
gas in gage tests, produced 0.18 per cent of carbon monoxide (the 
only poisonous gas present) in the air when the sample was taken 
two minutes after the shot. Another sample of the air taken two 
minutes later contained 0.08 per cent of carbon monoxide. It is 
therefore evident that where ventilation is not active, as in a closed 
heading, miners or shot firers should not return to the face until at 
least five minutes after a shot. At all working faces that are difficult 
to ventilate explosives of class A or class B should be used, preferably 
those of class A. 

The classification on the basis of the volume of poisonous gases 
produced by 14 pounds (680 grams) of the explosive is as follows: 

Class A, those explosives from which the volume of poisonous 
gases produced is not more than 53 liters. 

Class B, those explosives from which the volume of poisonous 
gases is more than 53 liters but less than 106 liters, inclusive. 

Class C, those explosives in which the volume of poisonous gases 
is more than 106 liters but less than 158 liters, inclusive. 


CHARACTERISTIC INGREDIENTS. 


Explosives are classified in accordance with their characteristic 
ingredient as follows: 

Class 1, ammonium nitrate erplosives.—To class 1 belong all the 
explosives in which the characteristic ingredient is ammonium nitrate. 
This class is divided into two subclasses. Subclass A includes every 
ammonium nitrate explosive that contains a sensitizer that is in itself 
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an explosive. Subclass B includes every ammonium nitrate explo- 
sive that contains a sensitizer that is not in itself an explosive. The 
ammonium nitrate explosives of subclass A consist principally of 
ammonium nitrate with small percentages of nitroglycerin, nitro- 
cellulose, or nitrosubstitution compounds which are used as sensi- 
tizers. The ammonium nitrate explosives of subclass B consist prin- 
cipally of ammonium nitrate with small percentages of resinous matter 
or other nonexplosive substances used as sensitizers. 

Ammonium nitrate explosives, when fresh and properly detonated, 
are well adapted for use in mines that are not unusually wet. They 
are not suitable for use in wet mines, for if the contents of a cartridge 
of ammonium nitrate explosive is exposed for only a few hours to the 
damp atmosphere the explosive may so deteriorate as to fail to 
detonate completely, because ammonium nitrate takes up moisture 
readily. The redipping of cartridges of ammonium nitrate explosives 
aids in protecting the contents against moisture, or moist air, and the 
cartridges should be so stored and handled as to preserve the efficacy 
of the paraffin-like coating. The explosives should be obtained:in a 
fresh condition and purchased in such quantities as will permit their 
prompt use. Experience at the Pittsburgh experiment station of 
the bureau shows that ammonium nitrate explosives will usually 
detonate completely after storage for six months in a well-ventilated 
magazine. 

Class 2, hydrated erplosives—To class 2 belong all explosives in 
which salts containing water of crystallization are the characteristic 
ingredients. The explosives of this class are somewhat similar in 
composition to the ordinary low-grade dynamites, except that one or 
more salts containing water of crystallization are added to reduce the 
flame temperature. They are easily detonated, and most of them 
can be used successfully in damp working places. 

Class 8, organic nitrate explosives.—To class 3 belong all the explo- 
sives in which the characteristic ingredient is an organic nitrate other 
than nitroglycerin. The permissible explosives now listed under 
class 3 are nitrostarch explosives. 

Class 4, nitroglycerin explosives.—To class 4 belong all the explo- 
sives in which the characteristic ingredient is nitroglycerin. These 
explosives contain free water or an excess of carbon, which is added 
to reduce the flame temperature. A few explosives of this class 
contain salts, or an unusually low percentage of nitroglycerin, that 
reduce the strength and shattering effect of the explosives on deto- 
nation. The nitroglycerin explosives have the advantages of deto- 
nating easily and of not being readily affected by moisture. 

Class 5, ammonium perchlorate explosives.—To class 5 belong all 
explosives in which the characteristic ingredient is ammonium per- 
chlorate. This is a new classification by the bureau. 
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WEIGHT OF 1} BY 8 INCH CARTRIDGE. 


The size in which cartridges of permissible explosives are usually 
sold is 1} by 8 inches, and from the weight of a cartridge of this size 
as given in the table the number of cartridges required to make the 
680 grams (1} pounds) maximum permissible quantity of explosive 
in a shot may be readily determined. To illustrate, the first explosive 
on the accompanying list (Aetna coal powder A), like all the other 
explosives on the list, is permissible only when fired in charges not 
exceeding 680 grams (14 pounds). The maximum permissible 
weight shot (680 grams), divided by the weight of one 1} by 8 
inch cartridge (184 grams of Aetna coal powder A), gives the maxi- 
mum permissible number of cartridges of this size that may be used, 
38 (or 3.69) cartridges. 


SMALLEST PERMISSIBLE DIAMETER. 


In order that the user may know readily the smallest diameter 
in which a given explosive is permissible, this information is given 
in the table. Should a manufacturer desire that an explosive be 
approved as permissible in a smaller diameter than that in which 
it is now permissible, he should make application for the necessary 
tests. 

UNIT DEFLECTIVE CHARGE. 


The unit deflective charge is that weight of an explosive in grams 
which gives the same swing on the ballistic pendulum as 227 grams 
(4 pound) of Pittsburgh Testing Station Standard 40 per cent straight 
nitroglycerin dynamite. 

The bureau requires that this unit deflective charge shall not exceed 
454 grams (1 pound), as tests have shown that explosives whose 
unit deflective charge exceeds 454 grams (1 pound) require more than 
680 grams (14 pounds), in a single charge to satisfactorily blast down 
coal and when so used are not permissible. 

Many observers have expressed the opinion that the “coal-getting” 
strength of permissible explosives is represented better by the results 
of this test than by the results of any other single test yet devised. 
The reader should note that the results do not take into consideration 
whether the coal when shot down is fine or coarse. 

In comparing the percentage strength of one explosive with that 
of another explosive a fine distinction should not be drawn, for it 
must be remembered that tolerance limits have been established for 
the results with the ballistic pendulum, as given on page 41, and 
these limits are designed to cover all reasonable variations of manu- 
facture, sampling, and chemical and physical determinations made. 
This principle applies to all the items of the chemical analysis as 
well as to the items of the physical tests. 
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RATE OF DETONATION. 


The table shows in feet per second and meters per second the rela- 
tive velocity of detonation of each explosive. The adaptability of a 
permissible explosive to a particular coal-mining condition depends 
greatly on its rate of detonation. For certain work in which a 
shattering effect is desired, as in driving through or “brushing” 
rock, or in producing coal for coke making, the explosive reaction 
should be rapid, and for such work permissible explosives having a 
high rate of detonation should be selected. Similarly, for shooting 
down a soft, friable coal to produce lump or steam coal, a permissible 
explosive should be selected that detonates slowly and hence gives 
a more prolonged pressure. In medium hard coal an explosive 
having an intermediate rate of detonation may be expected to be 
most suitable. 

Although these relations usually hold, they do not always, because 
coals differ in hardness and coal beds differ in. the number and posi- 
tion of the joints, partings, and shale bands. Such facts have to 
be considered in selecting an explosive for mining coal. 

An explosive having a very low rate of detonation is not always 
the best for mining a friable coal much fractured, because some of 
its energy may be lost by its gases escaping through the fractures. 
Under such conditions an explosive having an intermediate rate pro- 
duces the most economical results. 


TOLERANCES FOR PERMISSIBLE EXPLOSIVES. 


The tolerances promulgated by the Bureau of Mines provide for 
reasonable limits of variation in the results of analyses and tests of 
field samples and manufacturers’ samples of permissible explosives. 
These tolerances as now existing and as stated below are quoted, 
except as amended November 15, 1920, and February 26, 1921, from 
Bulletin 96, in which they were first published after having been 

established and made effective July 1, 1915. 

’ In order to define more exactly what is meant by the phrase 
“similar in all respects” in the definition of a permissible explosive— 
namely, “A permissible explosive is an explosive which is similar in 
all respects to the sample which has passed certain tests prescribed 
by the Bureau of Mines to determine its safety for use in gaseous and 
dusty coal mines, and when used in accordance with the conditions 
prescribed by the bureau’’—the following tolerances are established 
for field samples or manufacturers’ samples of explosives, beyond 
which such lot of explosives can not vary and still be considered 
permissible for use in coal mines. 

Chemical analysis.—Moisture, to be fixed by a sliding scale from 
1} per cent at zero to 4 per cent at 10 per cent of moisture in original 
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sample, this tolerance being on total percentage of moisture in the 
explosive. 

Other ingredients (or their equivalents) i in quantities not exceeding 
60 per cent, according to curve shown in figure 1, except that the 
chemical tolerance for carbonaceous combustible material is changed 
to plus or minus 3 per cent regardless of the amount of carbonaceous 
combustible material reported as present. For ingredients in quan- 
tities of 60 per cent or more, the tolerance shall be plus or minus 3 per 
cent: Provided, That the ingredients of a permissible explosive shall 
be considered to be those substances reported as found by the Bureau 
of Mines in the original sample of that explosive submitted for test as 
to its permissibility: And provided further, That an equivalent shall 
be considered to be a substance which would not materially alter the 
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Figure 4.—Curve of limit variation in composition of permissible explosives. 


LIMIT OF VARIATION, PERCENTAGE OF 
TOTAL DXPLOSIVE 


properties of the explosive and which would produce the same result 
as the original substance. 

For the purpose of applying the chemical tolerance for explosives 
containing ammonium nitrate, the commercial ammonium nitrate 
will be reported as the sum of the ammonium nitrate, the ammonium 
chloride and ammonium sulphate reported as present, and the toler- 
ance applied to this figure. The sum of the ammonium chloride and 
the ammonium sulphate will be reported separately in a note and the 
tolerance applied to their sum will be 4 per cent of the commercial 
ammonium nitrate reported as present in the basic sample, except in 
those cases where the tolerance thus applied would be less than for a 
separate ingredient, when the tolerances for “other ingredients” 
would apply. 

Products of combustion (determined by Bichel gage tests).—The 
volume of poisonous gases from 680 grams of the explosive, including 
its wrapper, must be less than 158 liters, except that in case the 
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first test yields 158 liters or more poisonous gases per 680 grams of 
the explosive, including its wrapper, the average result of three tests 
agreeing within 5 per cent of each other shall be taken, and no 
explosive shall remain permissible when this average for poisonous 
gases exceeds the above standard limits. 

Physical tests..—In making rate of detonation and unit deflective 
charge by the ballistic pendulum, the tests stop after obtaining 
three results within 5 per cent, or a total of six results. All the 
results within 10 per cent will be averaged. If there are two or more 
groups in which the results are within 10 per cent of each other, then 
all the results which are within any group will be averaged. 

The tolerances applied using the above rules are: 

Rate of detonation (the average of 3 to 6 trials within 10 per cent with Mettegang 
Recorder) plus or‘minus 15 per cent. 

Unit deflective charge determined by the ballistic pendulum as compared with the 
Pittsburgh Testing Station standard 40 per cent straight nitroglycerin dynamite 
(the average of 3 to 6 trials within 10 per cent with the ballistic pendulum), plus or 
minus 10 per cent. ; 

Grams of wrapper per 100 grams of explosive, plus or minus 2.0 grams (average of 
four determinations): Provided, That the manufacturers shall submit samples of all 
different sizes of cartridges, to be considered as part of the original sample, the amount 
of wrapper to be determined for each size of sample: And provided further, That the 
tolerances as suggested shall be determined in comparison with the various diameters 
of samples as submitted with the original sample. 

Apparent specific gravity of cartridge, by sand, plus or minus 7.5 per cent (average 
of four determinations): Provided, That actual density shall be determined on car- 
tridges of the same diameter as the standard: And provided further, That manufacturers 
shall be required to submit samples of all sizes. 

Gas and dust gallery No. 1.—No ignition must be obtained in each of one or more 
trials. Note: In the retesting of permissible explosives by tests 1 and 4, the charges 
of the explosives fired will be reduced 10 per cent in weight from the weights originally 
used in order to eliminate any likelihood ofa failure being due to the natural variations 
in the gallery conditions. ‘ 

Pendulum friction test.—Each explosive must pass a test of 10 trials under the 
same conditions as originally tested, except that the height of fall of the wood-fiber 
shoe will be reduced by 10 per cent in order to eliminate any likelihood of a failure 
being due to the natural variations in test conditions. 


PIELD SAMPLES OF PERMISSIBLE EXPLOSIVES, 


The bureau will from time to time reexamine permissible explo- 
sives found in commercial shipments and in the field to determine 
how closely they conform to the samples upon which the permissi- 
bility tests were originally made, and the manufacturer will be 
notified of the results of tests on all field samples. In order that this 
examination can be properly made, the tolerances as given above are 
applied in the manner stated below, according to the rules and regu- 
lations promulgated November 15, 1920, and February 26, 1921. 
These methods of applying the tolerances supersede all previous 
methods. 


5 For method of making these tests, see Howell, S. P., and Tiffany, J. E., Methods for routine work in 
the explosives physical laboratory of the Bureau of Mines: Tech. Paper 186, Bureau of Mines, 1918, 63 pp. 
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In the event that a field sample of a permissible explosive exceeds 
the tolerance for one or more items, the bureau will take the follow- 
ing action: 

(a) If the explosive exceeds the tolerance for any items of the chemical analysis, 
for grams of wrapper per 100 grams of explosive, for apparent specific gravity, for 
rate of detonation, or for unit deflective charge, the manufacturer only will be advised 
of the results, except that, should these results in the opinion of the explosives engineer 
indicate that the explosive is unsafe for use, then the operator or owner will be imme- 
diately warned, and further tests promptly inaugurated. 

(b) If the explosive exceeds the tolerance for gallery tests, pendulum friction test, 
or poisonous gases, the bureau will declare that particular lot of explosive not per- 
missible, and a copy of the notification to the consumer or owner will be furnished 
the manufacturer, the notification to state that the explosive did not meet the require- 
ment for gallery tests, pendulum friction test, or poisonous gases, as the case may be. 

The term ‘ Lot of permissible explosives” as used in the tolerances 
promulgated by the director, is defined as “all of that explosive in 
the magazine from which the sample is procured, bearing identical 
case markings.” 

When a given lot of explosive is declared not permissible and the 
owner and the manufacturer notified, the bureau does not attempt 
to fix responsibilities between owner and manufacturer. 

The usual causes of an explosive exceeding the tolerances for 
chemical analysis or physical tests are two: (1) It may not have been 
properly manufactured; (2) it may not have been properly stored. 
The manufacturer is responsible for (1) because the consumer has no 
control over the method of manufacture of the explosive, but the 
consumer or owner is responsible for (2) because the manufacturer 
has no control over the conditions of storage when the explosive has 
once passed from his ownership. 

The manufacturer should exercise due care that the quality of the 
raw materials, and the weighing and incorporating of them, is similar 
in all respects to that for the original sample of explosives submitted 
for tests; and that the explosive is fresh and in first-class condition 
when sold. The user should store explosives in well-ventilated 
magazines, at temperatures not exceeding 90° F. The boxes should 
be placed so that the cartridges lie horizontally, though the tops of 
the boxes may be up or down. The explosives purchased first should 
be used first, and hence older explosives should not be stored under 
or behind a fresh consignment. It is well to purchase explosives in 
such quantities that they can be used promptly. 


PUBLICATIONS ON INVESTIGATIONS OF EXPLOSIVES. 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until the 
edition is exhausted. Requests for all publications can not be granted. 
and to insure equitable distribution applicants are requested to limit 
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their selection to publications that may be of especial interest to 
them. Requests for publications should be addressed to the Direc- 
tor, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications avail- 
able for free distribution as well as those obtainable only from the 
Superintendent of Documents, Government Printing Office, on 
payment of the price of printing. Interested persons should apply 
to the Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION, 


Butetin 17. A primer on explosives for coal miners, by C, E. Munroe and Clarence 
Hall. 1911. 61 pp., 10 pls., 12 figs. 

Buttetin 48. The selection of explosives used in engineering and mining operations, 
by Clarence Hall and 8S. P. Howell. 1914. 50 pp., 3 pls., 7 figs. 

Buiietin 59. Investigations of detonators and electric detonators, by Clarence 
Halland 8. P. Howell, 1913. 73 pp., 7 pls., 5 figs. 

Butietin 80. A primer on explosives for metal miners and quarrymen, by C. E. 
Munroe and Clarence Hall. 1915. 125 pp., 51 pls., 17 figs. 

Bu ietin 96. The analysis of permissible explosives, by C. G. Storm. 1916. 
88 pp., 3 pls., 7 figs. 

Bu.ietin 137. The use of permissible explosives in the coal mines of Illinois, by 
J. R. Fleming and J. W. Koster. 1917. 106 pp. 

Buuietin 196. Coal-mine fatalities in the United States, 1919, and coal-mine 
statistics supplementing those published in Bulletin 115, with list of permissible 
explosives, lamps, and motors tested prior to Jan. 31,1920, by A. H. Fay. 1920. 86 pp. 

TECHNICAL Parer 7. Investizations of fuse and miners’ squibs, by Clarence Hall 
and S. P. Howell. 1912. 19 pp. 

TecunicaL Paper 12. The behavior of nitroglycerin when heated, by W. O. Snell- 
ing and C, G. Storm. 1912. 14 pp., 1 pl., 2 figs. 

TrecHNICAL Parer 17. The effect of stemming on the efficiency of explosives, by 
W. O. Snelling and Clarence Hall, 1912. 20 pp., 11 figs. 

TrecuNican Parer 78. Specific gravity separation applied to the analysis of mining 
explosives, by C. G. Storm and A. L. Hyde. 1914. 14 pp. 

TrecunicaL Parer 89. Coal-tar products and the possibility of increasing their 
manufacture in the United States, by H. C. Porter, with a chapter on coal-tar products 
used in explosives, by C.G. Storm. 1915, 21 pp. 

TecHNICAL Parer 125. The sand test for determining the strength of detonators, 
by C. G. Storm and W.C. Cope. 1916. 68 pp., 2 pls., 5 figs. 

TecunicaL Paper 145, Sensitiveness to detonation of trinitrotoluene and tetrani- 
tromenthylanilin, by G. B. Taylorand W.C. Cope. 1916. 11 pp. 

TecunicaL Paper 160. The determination of nitrogen in substances used in explo- 
sives, by W.C. CopeandG. B. Taylor. 1917. 46 pp., 1 pl., 4 figs. 

TECHNICAL Paver 162. Initial priming substances for high explosives, by G. B. 
Taylorand W.C. Cope. 1917. 32 pp. 

TecHNicaL Paper 186. Methods of routine work in the explosives physical 
laboratory of the Bureau of Mines, by S. P. Howell and J. E. Tiffany. 1918. 63 pp. 

TecuNIcaL Paper 210. An analytical method for detecting blown-out shots in coal 
mines, by G. F. Hutchinson and J. Barab. 1919. 22 pp. 

TEcHNICAL Paper 234. Sensitiveness of explosives to frictional impact, by S. P. 
Howell. 1919. 17 pp., 2 pls., 1 fig. 
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TecunicaL Parer 243. Development of liquid oxygen explosives during the war, 
by G.S. Rice. 1920. 46 pp., 2 pls., 6 figs. 

TecunicaL Parer 259. Production of explosives in the United States during the 
calendar year 1919, with notes on coal-mine accidents due to explosives and a list of 
permissible explosives tested to Mar. 31, 1920, by W. W. Adams. 1920. 33 pp. 

Miners’ Crrcutar 7. Use and misuse of explosives in coal mining, by J. J. Rut- 
ledge, with a preface by J. A. Holmes. 1913. 52 pp., 8 figs. 

Miners’ Circutar 19. The prevention of accidents from explosives in metal min- 
ing, by Edwin Higgins. 1914. 16 pp., 11 figs. 


PUBLICATIONS THAT MAY BE OBTAINED THROUGH THE SUPERINTENDENT 
: OF PUBLIC DOCUMENTS. 


But.etin 10. The use of permissible explosives, by J. J. Rutledge and Clarence 
Hall. 1912. 34 pp., 5 pls., 4 figs. 10 cents. 

Bu.tetin 15. Investigations of explosives used in coal mines, by Clarence Hall, 
W. O. Snelling, and S. P. Howell, with a chapter on the natural gas used at Pitte- 
burgh, by G. A. Burrell, and an introduction by C. E. Munroe. 1911. 197 pp., 
7 pls., 5 figs. 25 cents. 

Buuetin 51. The analysis of black powder and dynamite, by W. O. Snelling and 
C.G. Storm. 1913. 80 pp., 5 pls., 5 figs. 10 cents. 

BuL.etin 66. Tests of permissible explosives, by Clarence Hall and S. P. Howell. 
1913. 313 pp., 1 pl., 6 figs. 25 cents. 

TECHNICAL PAPER 18. Magazines and thaw houses for explosives, by Clarence Hall 
and S. P. Howell. 1912. 34 pp.,1pl., 5 figs. 10 cents. 

TECHNICAL Paper 69. Production of explosives in the United States during the 
calendar year 1912, compiled by A. H. Fay. 1914. 8pp. 5 cents. 

TECHNICAL PareEr 146. The nitration of toluene, by E. J. Hoffman. 1916. 32 pp. 
5 cents. 

TECHNICAL ParER 159. Production of explosives in the United States during the 
calendar year 1915, with notes on coal-mine accidents due to expe and a list 
of permissible explosives, lamps, and motors tested prior to June I, 1916, compiled 
by A. H. Fay. 1916. 24 pp. 5 cents. 

TECHNICAL Parer 169. , Permissible explosives tested prior to Jan. 1, 1917, by S. P. 
Howell. 1917. 19 pp. 5 cents. 

TECHNICAL Paper 175. Production of explosives in the United States during the 
calendar year 1916, by A. H. Fay. 1917. 24 pp. 5 cents. 

TECHNICAL Parer 192. Production of explosives in the United States during the 
calendar year 1917, with notes on coal-mine accidents due to explosives and list of 
permissible explosives tested prior to Apr. 30, 1918, by A. H. Fay. 1918. 5 cents. 

TECHNICAL Paper 231. Production of explosives in the United States during the 
calendar year 1918, by A. H. Fay. 1919. 21 pp. 5 cents. 
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